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measurements  in  a  gas  turbine  using  a  nori-intrusive  pulsed  mercu 


racer 


1473  edition  of  i  nov  es  is  obsolete 


UNCLASSIFIED 


?  SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whit  DBti^/tPTKt) 


8s  04  28  0  ; 


Sr* 


.tKCUMTY  CLASSIFICATION  OP  THIS  PAOeO»Ti*i  0*«  Maltnd) 


were  concluded  by  comparison  of  measured  and  calculated  functions  using  the 
flow  trajectory  algorithm.  Overall  these  comparisons  were  found,. to  be  good 
with  some  discrepancies  near  the  highly  swirled  regibn  which  may  be  related' 
to  the  earlier  turbulence  model  which  these  flow  fields  used. 


Aooessitt  For 

ISIS  SRAJbl  fiT 

MIC  TAB  O 

Uoanneunced  [Q 

Justification  - 

By - 

Distribution/ _ 

Availability  Codes 

rvail  and/or 
Syecial 


^NWECTEP^ 


UNCLASSIFIED 


SECURITY  CLASS!  Pi  CATION  OP  Tu,r  PAGE (NipiOP*  *"<«• 


/W 


Report  1981-1982 


USAF/EOAR  Report  of  Research  Activities  1981/32 


Title  Fundamental  Study  of  Three-Dimensional  Two  Phase  Flow  in 
Combustion  Systems. 


Principal  Investigator  Professor  J.  Swithenbank 


L 


Current  Research  Objectives 

The  wider  objective  of  this  program  has  been  to  develop  a  comprehensive 
design  procedure  for  combustors  of  interest  to  USAF,  and  in  recent 
periods  this  has  resulted  in  combustion  models  which  simultaneously 
incorporated  droplet  trajectory,  evaporation  and  kinetics  in  a  gas 
turbine  can.  Certain  limitations  to  the  current  state  of  the  art  in 
flow  modelling  have  highlighted  certain  additional  areas  in  need  of 
study,  and  these  have  related  to  the  shortcomings  of  present  turbulence 
models  in  cases  of  high  swirl. 

A  more  fundamental  model  developed  at  Sheffield  has  been  designed  to 
overcome  these  problems  and  the  present  period  has  been  concerned  with 
its  further  development  and  experimental  verification.  Specifically 
the  following  areas  have  formed  che  research  objectives: 

1)  Experimental  '-*>rif ication  of  turbulence  model  in  cases  of  high 
swirl 

2)  Measurement  of  residence  time  distribution  functions  in  a  gas 
turbine  combustor 

3)  Exploratory  studies  of  the  influence  of  turbulence  on  droplet 
trajectories 

Progress  During  the  Past  12  Months 

The  importance  of  swirling  flows  in  combustors  and  the  need  to  have 
an  adequate  turbulence  model  to  describe  the  mixing  process  has  focused 
attention  on  the  development  of  an  algebraic  stress  turbulence  model 
at  Sheffield  to  surmount  some  of  the  shortcomings  of  the  existing  k  -  e 
turbulence  model  in  combustion  and  fluid  flow  calculations  when 
large  swirl  is  involved. 

For  this  reason,  measurements  and  calculations  have  been  carried  out 
on  a  device  best  suited  to  such  a  study,  namely  a  single  exit  cyclone 
chanter.  Using  the  backscatter  laser  Doppler  anemometry  system  at 
Buxton,  tangential  and  axial  velocity  profiles  were  made  at  a  number 
of  axial  stations  within  the  cyclone.  These  results  also  provide 
turbulence  levels  and  have  been  compared  with  values  calculated 
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using  the  k  -  e  model  and  Sheffield  model.  These  are  shown  in  Figure  1. 

The  important  observations  from  from  these  results  are  that  the  reverse 
axial  flow  on  axis  and  the  steep  tangential  profile  at  the  axis  are 
both  reproduced  by  the  Sheffield  model  but  not  by  the  k  -  £  model. 

These  results  clearly  demonstrate  the  need  to  incorporate  such  a  model 
into  the  overall  flow  and  combustion  algorithm. 

Two  further  experimental  approaches  have  been  used  to  investigate  the  models 
The  first  of  these  involves  the  measurement  of  the  residence  time  function 
in  a  gas  turbine  can  using  narrow  pulses  of  mercury  vapour  which  are 
detected  optically  at  the  exit.  These  are  generated  using  a  4mm  diameter 
twin  bore  spark  electrode,  the  tip  of  which  may  be  located  at  various 
positions  inside  the  chamber.  These  residence  time  functions  may  also 
be  calculated  from  the  computed  flow  field  for  the  cold  combustor 
using  the  particle  trajactory  algorithm  and  incorporating  the  random 
effects  of  turbulence,  and  provide  a  valuable  insight  into  the  reliab¬ 
ility  of  the  computed  time  history.  Examples  of  these  results  are  shown 
in  Figure  2  for  different  tracer  input  positions.  Of  the  five  cases, 
the  three  input  positions  at  and  downstream  of  the  primary  port  pro¬ 
vide  remarkably  good  agreement  when  consideration  is  paid  to  similar 
theoretical  studies  in  simpler  systems.  Upstream  of  the  primary  port 
however,  significant  discrepancies  exist  implying  that  a  larger  plug 
flow  region  exists  in  this  part  than  is  found  by  experiment.  Since 
the  flow  field  and  turbulence  and  turbulence  level  is  based  on  the 
k  -  £  model,  this  may  well  be  a  comment  on  the  effective  mixing 
predicted  by  the  model  in  this  swirling  region  and  deserves  further 
investigation. 

The  second  experimental  approach  involves  the  application  of  part¬ 
icle  trajectory  calculations  in  an  alternative  area  of  cyclone  prac¬ 
tice  as  a  means  of  validating  the  Sheffield  turbulence  model.  This 


involves  cyclone  separators,  the  calculated  efficiencies  of  which  dep¬ 
end  very  much  on  the  turbulence  levels  used  since  these  serve  to  throw 
particles  into  escape  regions  which  they  would  not  otherwise  reach 
in  a  laminar  flow.  An  appropriate  measure  of  the  flow  field  and  traj¬ 
ectory  algorithm  is  the  grade  efficiency  curve  which  gives  the  fraction 
of  particles  of  a  particular  size  which  are  trapped  in; the  cyclone 
Figure  3  is  such  an  example  and  the  good  agreement  between  calculated 
and  observed  efficiencies,  particularly  on  the  rising  part  of  the 


curve,  indicates  that  the  algorithm 
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Technological  Significance 

Previous  research  programs  in  this  area  have  helped  to  develop  the  comb- 
ustioj  algorithm  to  a  level  suitable  for  real  applications  and  the  present 
work  has  served  to  point  the  way  for  its  further  advancement  into  the 
regime  of  strongly  swirling  flows,  which  continue  to  be  of  major  interest 
to  USAF.  The  results  underline  the  shortcomings  of  recent  turbulence 
models  and  emphasise  the  suitability  of  the  algebraic  stress  model 
developed  at  Sheffield. 

Work  is  currently  continuing  in  the  assessment  of  the  model  in  all  the 
relevant  regimes  and  it  isclear  that  an  important  phase  of  work  must 
be  its  incorporation  into  the  overall  combustion  model. 
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